The distribution of a range of integrins, E-cadherin, and carcino-embryonic antigen (CEA) like molecules in normal human oesophageal epithelium was investigated immunohistochemically on frozen sections of endoscopic biopsy specimens. The integrin subunits a2, a3, at69 atv9 13 and P5 were expressed throughout the epithelium. There was strong expression of (2, a3, and P,I subunits in the basal cell layer and for all the subunits studied the intensity of the staining decreased as cells moved towards the lumen. The heterodimer aV3 was expressed weakly in the basal aspect of the basal cell layer only. The CEA molecules were not present in the basal cells layer but there was weak expression in the prickle cell layer and strong positivity in the mature functional layer. E-cadherin was found throughout the epithelium but was weakly expressed at the basal aspect of the basal cells layer and showed strong positivity in the prickle cell and squamous cell layers. These results indicate that cellcell (E-cadherin, CEA) and cell-matrix (integrins) adhesion molecules show a well defined spatial pattern of immunoreactivity in the oesophageal mucosa and may play a part in the maintenance of normal tissue architecture and physiological homeostasis.
Cell adhesion molecules are known to play a fundamental role in development and homeostasis of all tissues. ' The interaction of these molecules with their ligands is responsible for phenomena such as contact inhibition and density-dependent growth.2 It is known that in some diseases such as neoplasia there is a change in the expression and distribution of cell adhesion molecules.3-7 An understanding of the normal pattern of expression and distribution of these molecules is therefore necessary before the pathological conditions can be investigated.
There are no available studies on the distribution of oesophageal epithelial cell surface molecules but some work has been done on a number of other stratified squamous epithelia, such as skin, cervix, oral mucosa, and gingiva.3 4 8-10 These studies suggest that there are three major groups of cell adhesion molecules responsible for maintenance of such epithelia -integrins, carcino-embryonic antigen (CEA) like molecules (a group of cell surface receptors belonging to the larger immunoglobulin superfamily), and cadherins.
The integrins are a family of closely related transmembrane receptors for adhesion.11 On epithelia, integrins mediate the interactions of cells with the extracellular matrix and therefore play a major role in the regulation of epithelial cell differentiation.6 7 CEA=carcino-embryonic antigen; NCA=non-specific cross reacting antigen.
desmosomes in the superficial layers of these epithelia, may suggest a role of CEA molecules in the maintenance of the functional layers (D Hopwood, unpublished work).
We have examined the expression and distribution of a number of cell adhesion molecules belonging to these three groups using immunohistochemical methods on frozen sections from endoscopic biopsy specimens of normal human oesophagus. We also discuss the possible functional interactions between the molecules studied, as there is now overwhelming evidence that the maintenance of normal tissue architecture is the result of multiple adhesion interactions rather than the function of a single molecule. using the avidin-biotin complex, as outlined below.
ANTIBODIES AND REAGENTS
PBS at pH 7-25 was prepared according to Dulbecco's formula. Table I summarises the details of the primary antibodies used; anti-a2 and anti-a3 antibodies were purchased from Chemicon International, London, UK. All antibodies used were in saturating concentrations, determined from previous studies.14 22 23 The secondary antibodies were affinity isolated, biotinylated anti-mouse antibodies (raised in rabbit) or anti-rabbit antibodies (raised in swine, both from Dako, High Wycombe, UK). Both these secondary antibodies were used at a working dilution of 1:300 in PBS. The avidin-biotin complex was obtained from Dako (High Wycombe, UK). Both the avidin and biotin solutions were separately diluted 1:100 in PBS, mixed and left to stand for 30 minutes before use. All incubations were carried out at room temperature.
IMMUNOHISTOCHEMICAL STAINING
To block non-specific binding of the secondary antibodies, 50 ,ul of non-immune rabbit or swine serum were applied to each slide and incubated for 15 minutes. The slides were then drained and incubated for 30 minutes with 30 ,ul of the primary antibody. The slides were drained again and rinsed quickly in PBS to prevent cross contamination during washing and then washed in PBS on a rotating platform three times (five minutes for each wash).
After washing, 50 ,ul of the biotinylated secondary antibodies were applied and incubated for 30 minutes, after which time the slides were drained and washed three times in PBS (five minutes for each wash The grading used ranged from -(no staining) to +++ (appreciable staining). The nature of the staining was described as linear or granular; the distribution was categorised as endocellular, pericellular, or both, and the location within the epithelium was divided in the categories outlined in Table II Staining with the E-cadherin antibody was strong, uniform, and largely restricted to the cell membranes. The distribution of this molecule in the epithelium showed an increasing gradient with maturation, but differently from the CEA like molecules, it was weakly present in the stratum basale, including the papillae.
With antibodies directed against the P1I integrin subunit, the stain was restricted largely to the cell membranes. This chain is found throughout the epithelium, although the intensity of the stain was much greater in the stratum basale and showed a decreasing gradient of expression with maturation. A similar pattern of distribution was observed for the P5, t3, and av subunits. The a6 subunit was also expressed by the epithelium and seemed to be distributed throughout the lower 50O/o of the epithelial thickness with the basal, prickle cell, and lower squamous layers showing weak staining and the more mature squames looking negative for this subunit. Mature squames seem to have very little or no expression of al3, t6, Otv) 113 43 5, and U43. The a1v3 dimer, known to be involved in the binding of cells to vitronectin, is only weakly present in the basal aspect of the basal cell layer. While for all the other adhesion molecules tested there was either a decreasing or an increasing gradient of expression with epithelial maturation, the distribution of the a2 subunit was peculiar in that it was strongly expressed in the basal layer, there was little expression in the stratum spinosum but then increased expression in the stratum squamosum. The staining for the 14 subunit was solely restricted to the stratum basale with marked reaction towards the basal aspect of these cells.
Discussion
In this study we investigated the expression and distribution of three classes of adhesion molecules in the normal oesophageal squamous epithelium.
The presence and distribution of adhesion molecules in the normal human oesophagus are similar to those seen in stratified squamous epithelia of various regions of the oral mucosa.9 10 This is different from the epidermis, where integrin chains are found only in the most basal layer, whereas in the oesophagus these molecules are present throughout the thickness of the epithelium, although stronger staining is always seen in the basal cell layer. [25] [26] [27] This distribution in the wet mucosae has been attributed to the higher cell turnover relative to the epidermis.9 It has been found that during wound healing or psoriasis, where epidermal turnover is increased, integrin chains are present also in the suprabasal regions.28 The oesophageal epithelium, like that of the oral mucosa, shows rapid turnover.29 30 The presence of integrins in the basal cell layer has been correlated with the presence of integrin ligands in the underlaying basement membrane but their expression in the suprabasal cells is unexplained, since no integrin ligands have been shown within the epithelium itself. This has led to speculation that integrins may bind homophilically or that these receptors are not functional in the suprabasal cells. The presence of E-cadherin has been reported in many different types of epithelia, including the stratified squamous epithelium of cervix.33 In our study we can demonstrate E-cadherin throughout the oesophageal epithelium except in the basal aspect of the basal cell layer. It has been postulated that E-cadherin is involved in the maintenance of epithelial cohesiveness by mediating cell to cell adhesion.16 17 The oesophageal epithelium, like other stratifying squamous epithelia, has an important mechanical barrier function. This probably relies on strong cell-basement membrane and cell-cell adhesion. On the other hand, the maturation of the epithelium culminates in the shedding, within the lumen, of the most mature cells and this could not be possible without a reduction in cell-cell adhesion. Clearly, adhesion within the epithelium must be modulated. An indication that this is indeed the case can be derived from the topographical distribution of adhesion molecules. The (X3, Otv 1 and P5 subunits, for instance, seem to be present in a gradient of decreasing intensity as cells move closer to the lumen. We could predict that when the number of these molecules present on the cell surface decreased below a certain threshold, cell-cell adhesion would be impaired and shedding of the epithelial cells would occur. However, other adhesion molecules are present in increasing rather than decreasing gradients, such as E-cadherin and CEA. It is interesting to note that the adhesive function of molecules such as E-cadherin can be modulated from within the cell by small molecules such as the catenins.34 35 Therefore the presence of large amounts of E-cadherin on the surface of mature oesophageal epithelial cells should not be interpreted as an indication of strong cell-cell adhesion, since these molecules may not be functional in the most superficial cells.
In this paper we have shown that the distribution of cell adhesion molecules in the normal oesophageal epithelium follows well defined patterns and we believe that these molecules have a pivotal role in the maintenance of mechanical barrier and homeostasis.
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